Background-Cardiac progenitor cells (CPCs) possess the insulin-like growth factor-1 (IGF-1)-IGF-1 receptor system, and IGF-1 can be tethered to self-assembling peptide nanofibers (NF-IGF-1), leading to prolonged release of this growth factor to the myocardium. Therefore, we tested whether local injection of clonogenic CPCs and NF-IGF-1 potentiates the activation and differentiation of delivered and resident CPCs enhancing cardiac repair after infarction. Methods and Results-Myocardial infarction was induced in rats, and untreated infarcts and infarcts treated with CPCs or NF-IGF-1 only and CPCs and NF-IGF-1 together were analyzed. With respect to infarcts exposed to CPCs or NF-IGF-1 alone, combination therapy resulted in a greater increase in the ratio of left ventricular mass to chamber volume and a better preservation of ϩdP/dt, ϪdP/dt, ejection fraction, and diastolic wall stress. Myocardial regeneration was detected in all treated infarcts, but the number of newly formed myocytes with combination therapy was 32% and 230% higher than with CPCs and NF-IGF-1, respectively. Corresponding differences in the volume of regenerated myocytes were 48% and 115%. Similarly, the length density of newly formed coronary arterioles with both CPCs and NF-IGF-1 was 73% and 83% greater than with CPCs and NF-IGF-1 alone, respectively. Importantly, activation of resident CPCs by paracrine effects contributed to cardiomyogenesis and vasculogenesis. Collectively, CPCs and NF-IGF-1 therapy reduced infarct size more than CPCs and NF-IGF-1 alone. Conclusions-The addition of nanofiber-mediated IGF-1 delivery to CPC therapy improved in part the recovery of myocardial structure and function after infarction. (Circulation. 2009;120:876-887.)
A ttempts made to introduce cell therapy in the management of the acutely infarcted heart in patients 1,2 have raised critical questions relative to the fate of the delivered cells. 3 The unfavorable microenvironment of the necrotic myocardium together with diffuse inflammatory infiltrates interferes with homing, survival, and growth of the administered cells, which are critical variables of successful myocardial repair. Additionally, these factors condition the number of cells to be injected because only a small fraction of the implanted cells are able to lodge in proximity and within the damaged myocardium. 4 These limitations in the various protocols employed thus far have emphasized an apparent discrepancy between the degree of functional recovery after infarction and the actual possibility of myocardial regeneration promoted by engraftment, proliferation, and differentiation of the administered cells. 5 The possibility has been advanced that a variety of cytokines are released by the delivered cells, activating resident progenitors that are responsible for the partial recovery of structure and function of the infarcted heart. 5, 6 This information underscores the need to develop strategies that protect the viability of the injected cells and enhance the growth reserve of the surviving myocardium. specific proteins to the myocardium. 7 We have designed a method to tether factors to the peptide nanofibers and have shown that this approach leads to prolonged delivery of insulin-like growth factor-1 (IGF-1) to the heart, favoring the integration of neonatal myocytes implanted with the tethered peptide. 8 This therapeutic intervention positively affects postinfarction ventricular remodeling; it attenuates chamber dilation and improves cardiac performance. Similarly, administration of cardiac progenitor cells (CPCs) to the infarcted heart reconstitutes in part the lost myocardium and has a beneficial anatomic and functional outcome. 9, 10 Importantly, CPCs possess the IGF-1-IGF-1 receptor system, which potentiates their survival and growth. 11 Thus, local injection of CPCs together with the prolonged release of IGF-1 by self-assembling peptide nanofibers (NF-IGF-1) may enhance myocardial reconstitution after infarction. This strategy may improve cardiac repair by potentiating the regenerative response of the delivered and resident CPCs.
Methods

CPCs and NF-IGF-1
Clonogenic CPCs from the hearts of female Fischer 344 rats were infected with a retrovirus carrying enhanced green fluorescence protein (EGFP). 9 Biotinylated IGF-1 and self-assembling peptides were prepared as described previously. 8 Immediately before injection, to initiate self-assembly, peptides were dissolved in sterile sucrose (295 mmol/L) at 1% (wt/vol) and sonicated for 10 minutes. In all cases, this volume was injected in the border zone.
In Vitro Studies
Clonogenic CPCs were cultured in serum-free medium and stimulated with NF-IGF-1. Bromodeoxyuridine (BrdU) was added to the medium at 8-hour intervals. Cells were fixed, and BrdU incorporation was measured. 9, 11 In a similar manner, CPCs were exposed to xanthine (0.5 mmol/L)/xanthine oxidase (100 mU/mL) alone or in the presence of NF-IGF-1 for 24 hours. Cells were fixed, and apoptosis was determined by terminal deoxynucleotidyl transferase. 9, 11 
Myocardial Infarction
Under ketamine (100 mg/kg body wt IP) and acepromazine (1 mg/kg body wt IP) anesthesia, myocardial infarction was produced in female Fischer 344 rats at 3 months of age by permanent occlusion of the left coronary artery. 9, 10 Shortly after infarction, rats were treated with CPCs, NF-IGF-1, and CPCs-NF-IGF-1. Multiple injections were performed to deliver a total of 100 000 CPCs in the border zone; 1 ng of NF-IGF-1 was administered in the same region. The volume of injected CPCs and NF-IGF-1 was 5 L each. Shamoperated and infarcted rats injected with phosphate-buffered saline were used as controls. BrdU was given twice a day (50 mg/kg body wt IP) throughout the experiment. 9 -11 Rats were killed 1 month later.
Hemodynamics
Under ketamine (100 mg/kg body wt IP) anesthesia, echocardiograms were recorded before euthanasia to calculate ejection fraction by the area-length method. 9 -11 At euthanasia, animals were anesthetized with chloral hydrate (300 mg/kg body wt IP), and left ventricular (LV) pressures and ϩdP/dt and ϪdP/dt were measured in the closed-chest preparation. 4,9 -11 
Fixation of the Heart
The heart was fixed by perfusion with formalin, and cardiac weights were determined. The LV longitudinal axis was obtained, and 5 sections from the apex to base were collected. Wall thickness and chamber diameter were assessed, and chamber volume was computed. Tissue samples were embedded in paraffin, and sections were employed for immunocytochemistry. 4,9 -11 The antibodies utilized and the methodology of immunolabeling are indicated in Table I in the online-only Data Supplement.
Infarct Size, Myocyte Volume, and Myocyte Number
Infarct size was determined by the number of myocytes lost by the LV. Additionally, the size and number of spared and regenerated myocytes were determined. 4, 9, 10 
DNA Content
DNA content was measured by propidium iodide labeling of nuclei and confocal microscopy. Lymphocytes were used as reference cells for 2n values. Moreover, samples were stained with Ki67 to distinguish cycling and noncycling cells. 9, 10 In Situ Hybridization
For the detection of X chromosome, sections were exposed to rat X-chromosome paint probe, denatured, and hybridized for 14 hours. Nuclei were stained with DAPI. 4, 9, 10 
Statistical Analysis
The sample size is listed in Table II in the online-only Data Supplement. Results are expressed as meanϮSD. The normality of distribution of data points was determined with the use of the Kolmogorov-Smirnov test. P values of normal distribution were calculated by the Dallal and Wilkinson approximation to Lilliefor's method. The homogeneity of variance was evaluated by the F test for 2-group comparisons and by Bartlett's method for multiple-group comparisons. The student t test was employed to calculate the statistical significance between 2 independent groups. ANOVA with Tukey-Kramer posttest was performed to identify statistical significance in multiple-group comparisons. The significance level was corrected to reflect multiple comparisons. All tests were performed with the use of GraphPad Prism version 3.00 for Windows, (GraphPad Software, San Diego, Calif). 12, 13 Multiple comparison-adjusted PϽ0.05 was considered significant.
The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
NF-IGF-1 and CPC Growth and Apoptosis
An important premise of this work was the documentation that NF-IGF-1 promotes CPC division and protects CPCs from the death signal triggered by the formation of reactive oxygen species. Oxidative stress is high in the ischemic myocardium, 14 and interventions preventing this effect would increase the pool of CPCs available for cardiac repair. Single cell-derived clonogenic CPCs 9 were cultured in serum-free medium in the presence and absence of NF-IGF-1 to detect the percentage of dividing cells. Conversely, xanthine/xanthine oxidase was employed to generate superoxide anion and activate apoptosis. In 24 hours, CPCs exposed to NF-IGF-1 showed a 2.4-fold higher level of cell replication and a 52% decrease in cell death (Figure 1 ), emphasizing the role that prolonged release of IGF-1 has in enhancing CPC proliferation and survival.
Cardiac Anatomy and Ventricular Function
The question was then whether the therapeutic efficacy of CPCs for the infarcted heart in vivo was increased by delivery of NF-IGF-1. Shortly after coronary ligation in syngeneic rats, CPCs expressing EGFP were injected into the viable myocardium of the border zone, and a few minutes later, NF-IGF-1 was delivered to the same region. Control groups included infarcted hearts treated only with CPCs, NF-IGF-1, or phosphate-buffered saline. All animals received daily injections of BrdU so that EGFP, BrdU, or both were employed to recognize newly formed structures within the infarct and the surviving myocardium.
All animals were euthanized 1 month after surgery and after infarct dimension was determined. Two processes that vary with time occur in the infarcted heart: (1) shrinkage of the infarcted region with healing and scar formation and (2) myocyte growth in the unaffected portion of the ventricle, which expands chronically the surviving myocardium. These phenomena cannot be independently measured, complicating the assessment of infarct size at distinct time points after coronary occlusion. 15 Moreover, scattered myocyte death and regeneration occur within the viable myocardium, altering further the number of contracting cells. 10 Thus, the number of myocytes lost and remaining within the LV provide an appropriate characterization of infarct dimension and extent of tissue recovery. These variables are the determinants of cardiac function. 4, 9, 10 After the collection of cardiac weights (Figure 2A ), the percentage of myocytes lost and present in the LV wall was measured. 15 Infarct size varied from 55% to 59%, averaging 57% in the 4 groups ( Figure 2B ). In comparison with untreated infarcts, treatment with CPCs, NF-IGF-1, and CPCs-NF-IGF-1 attenuated chamber dilation and the decrease in ratio of LV mass to chamber volume of the infarcted heart ( Figure 2C through 2F). Combination therapy (CPCs-NF-IGF-1), however, appeared to have a more consistent positive influence on cardiac size and shape ( Figure 2G ).
The effects of CPCs, NF-IGF-1, and CPCs-NF-IGF-1 on ventricular function mimicked those on cardiac anatomy. Hemodynamically, treated infarcts showed a lower increase in LV end-diastolic pressure and a lower decrease in LV systolic pressure, LV developed pressure, and dP/dt. These factors, together with the attenuation in ventricular dilation, resulted in a reduction in diastolic wall stress and an increase in ejection fraction of the infarcted heart ( Figure 3 ). Combination therapy, however, led to a better preservation of ϩdP/dt, ϪdP/dt, diastolic wall stress, and ejection fraction than CPCs or NF-IGF-1 alone. CPCs were superior to NF-IGF-1; CPC-treated infarcts had higher LV developed pressure and lower diastolic wall stress ( Figure 3 ).
Cardiomyocyte Regeneration
Four critical variables have to be considered in the analysis of cardiac repair: (1) amount of reconstituted myocyte mass and coronary vasculature; (2) number and size of restored myocytes and vessels; (3) integration of newly formed myocytes and vessels with the surrounding myocardium; and (4) origin of the rebuilt myocardial structures. 4,9 -11,16 A band of regenerated myocardium was found within the infarcted region of the wall after injection of CPCs, NF-IGF-1, and CPCs-NF-IGF-1 ( Figure 4A ). Regeneration was not detected in untreated infarcted animals. In rats treated with EGFPpositive CPCs only or together with NF-IGF-1, the majority of newly formed cardiomyocytes expressed EGFP and were labeled by BrdU. However, EGFP-negative, BrdU-positive myocytes were also detected with CPCs-NF-IGF-1, suggesting that some regenerated myocytes derived from activation, commitment, and differentiation of resident CPCs ( Figure  4B ). Similarly, myocytes formed by delivery of NF-IGF-1 only were BrdU-positive and represented the progeny of resident CPCs ( Figure 4C ).
The regenerated EGFP-positive and EGFP-negative myocytes present in animals injected with CPCs-NF-IGF-1 reached a more advanced level of cell differentiation than in the other 2 conditions, often showing sarcomere striation ( Figure 4D ). In this case, the frequency distribution of the volume of new myocytes was shifted to the right toward greater values ( Figure 5A ); average myocyte volume in CPC-NF-IGF-1-treated infarcts was 48% and 115% larger than in hearts exposed to CPCs and NF-IGF-1 alone, respectively ( Figure 5B ). The presence of IGF-1 most likely promoted cell differentiation, mimicking observations in skeletal muscle. 17 Additionally, the number of regenerated myocytes was 32% and 230% higher after combination therapy than after CPCs and NF-IGF-1, respectively. With CPCs-NF-IGF-1 treatment, there was a significantly larger formation of myocyte mass that resulted in a 53% reduction of infarct size. Infarct size decreased 33% with CPCs and 9% with NF-IGF-1 ( Figure 5B ). In infarct treated with CPCs-NF-IGF-1, the contribution of myocytes derived from activation of resident CPCs to infarct reduction accounted for nearly 18% of the regenerated tissue. This value was slightly higher than that produced by the injection of NF-IGF-1 alone, at 14%, but this difference was not significant.
Vessel Regeneration
An important aspect of effective cardiac repair involves the formation of resistance arterioles and capillary profiles within the regenerated myocardium ( Figure 6A ). An analysis comparable to that performed for cardiomyocytes was conducted here for the newly formed coronary microcirculation. In infarcts treated with CPCs, NF-IGF-1, or CPCs-NF-IGF-1, the length density of capillaries and arterioles within the reconstituted myocardium was measured by evaluating separately the fraction of EGFP-positive/BrdU-positive and EGFP-negative/BrdU-positive vascular profiles. In EGFPpositive coronary vessels, all endothelial cells (ECs) and smooth muscle cells (SMCs) expressed the reporter gene. However, some BrdU-positive vascular structures in hearts injected with CPCs-NF-IGF-1 were constituted by ECs and SMCs, which were all EGFP-negative ( Figure 6B ). BrdUlabeled vessel profiles were also detected in animals that received only NF-IGF-1. These findings suggest that CPCs resulted in a vasculogenic response that formed EGFPpositive coronary vessels independently from activation of resident CPCs or growth of ECs and SMCs from preexisting vascular structures. However, EGFP-negative/BrdU-positive vessel profiles with NF-IGF-1 or CPCs-NF-IGF-1 represented the product of growth and differentiation of resident CPCs, proliferation of ECs and SMCs from the spared coronary microcirculation, or both.
The length density of EGFP-positive and/or BrdU-positive coronary arterioles per cubic millimeter of regenerated muscle mass was 73% and 83% higher with combination therapy than after the injection of CPCs and NF-IGF-1, respectively ( Figure 6C ). In addition, capillary length density was greater with CPCs-NF-IGF-1 than with the other 2 conditions but reached statistical significance only with respect to NF-IGF-1 treatment. Because of the larger amount of total myocyte mass obtained with the administration of CPCs-NF-IGF-1, the aggregate length of arterioles and capillaries with combination therapy was significantly higher than that with CPCs or NF-IGF-1 only ( Figure 6C ). In infarcts treated with CPCs-NF-IGF-1, endogenous vessel formation by activation of resident CPCs and/or preexisting ECs and SMCs comprised 16% and 12% of capillary and arteriolar length, respectively. 
Myocyte and Vessel Integration
A relevant issue to be resolved concerned whether the newly formed myocytes incorporated structurally, forming specific connections with the noninfarcted myocardium, which would strengthen the possibility that the developing cardiomyocytes were functionally competent and contributed to ventricular performance. Importantly, connexin 43 and N-cadherin were detected between the viable and repaired myocardium ( Figure  6D and 6E); these junctional proteins, which are responsible for electric and mechanical coupling, were shared by preexisting EGFP-negative and new EGFP-positive cardiomyocytes, documenting the integration between resident and regenerated myocytes. Similarly, EGFP-positive coronary arterioles and capillaries frequently contained red blood cells within the lumen (Figure 6F ), strongly suggesting that the restored coronary microcirculation was functionally connected with the original coronary vasculature and participated in flow regulation and oxygenation of the repaired expanding myocardium.
Cell Fusion
We then addressed the question of whether the regenerated myocytes after the administration of CPCs, NF-IGF-1, or CPCs-NF-IGF-1 were the product of fusion events between the delivered cells and preexisting myocytes rather than representing the progeny of differentiated CPCs. By necessity, this analysis involved EGFP-positive cardiomyocytes. BrdU labeling, however, was employed as a marker of newly formed myocytes associated with the injection of NF-IGF-1 and the activation and commitment of resident CPCs. In all cases, DNA content per nucleus and the number of X chromosomes in myocyte nuclei were determined.
Nuclear fusion increases DNA content, but changes in DNA may occur by other mechanisms. DNA replication is present during the S phase, but this process does not necessarily indicate new cell formation. DNA synthesis can be followed by cytokinesis, giving rise to 2 daughter cells; nuclear division, giving rise to a multinucleated cell; or endoreplication, giving rise to a cell with extra copies of genomic DNA. In the latter case, the cell cycle proceeds through anaphase but lacks both nuclear division and cytokinesis. 18 In polyploid cells, the chromosome number is increased in multiples of 2n. Polyploidy is consistently associated with an increase in the size of the nucleus that is proportional to the number of chromosome sets. Cell volume also increases. Once endocycles are initiated, mitotic division is unlikely to occur or, if it occurs, is extremely slow because of the bulky burden of DNA.
Measurements of DNA content in mononucleated and binucleated EGFP-positive and BrdU-positive myocytes showed diploid DNA content per nucleus ( Figure 7A) , excluding polyploidization or cell fusion. Higher DNA values were found only in cycling cells positive for Ki67. Another assay was then implemented to document the presence or absence of cell fusion. Because female rats were used and female CPCs were locally implanted within the myocardium, the number of X chromosomes was measured by fluorescent in situ hybridization. In all cases, at most 2 X chromosomes were found in EGFP-positive cardiomyocytes and vessels ( Figure 7B through 7D) . Collectively, these observations exclude that cell fusion played a major role in myocardial regeneration after infarction.
Surviving Myocardium
To determine the adaptation of the surviving myocardium, BrdU labeling of myocyte nuclei, myocyte cell volume, and apoptosis of myocytes and ECs were measured together with capillary density. Reactive myocyte hypertrophy after infarction was attenuated in a comparable manner with each treatment. In the absence of therapy, myocyte volume increased nearly 75%, whereas each intervention reduced this hypertrophic response by Ϸ30% (Figure 8A through 8C) . Similarly, the decrease in capillary length density in the hypertrophic spared myocardium was attenuated by nearly 25% with these 3 forms of treatment ( Figure 8D ). Additionally, BrdU labeling of myocytes was higher in the presence of NF-IGF-1 alone and in combination with CPCs, whereas infarcts treated with CPCs only or untreated showed similar values ( Figure 8E and 8F ). Myocyte and EC apoptosis was largely prevented by the administration of NF-IGF-1 and CPCs-NF-IGF-1 ( Figure 8G through 8I) . These conditions were characterized by high levels of phospho-Akt labeling in myocytes and vascular ECs ( Figure 8J and 8K) , which may have accounted for the enhanced cell survival in the myocardium. Although IGF-1 had a more powerful effect on the spared myocardium than CPCs, the latter promoted a more intense form of cardiac repair, resulting in a better preservation of ventricular function.
Discussion
In recent years, several protocols have been developed experimentally in an attempt to identify novel therapeutic interventions aiming at the reduction of infarct size and prevention of short-and long-term negative ventricular remodeling after ischemic myocardial injury. 19 Three main strategies have been employed, and a significant amount of work is being conducted to determine the most effective form of action for acute ischemic heart failure. The delivery of bone marrow progenitor cells (BMCs) has been highly controversial, 20, 21 but recent clinical data have shown improvement in ventricular performance and clinical outcome. 1, 22 These observations have not changed the nature of the debate on the efficacy of this cell category for human disease and the mechanisms involved in the impact of BMCs on cardiac structure and function. Whether BMCs transdifferentiate and acquire the cardiomyocyte lineage has faced strong opposition, and data in favor of and against this possibility have been reported. 4, 20, 21 However, this is the only cell class that has been introduced in the treatment of heart failure in patients, and large clinical trials are in progress.
Human embryonic stem cells have repeatedly been utilized in animal models to restore the acutely infarcted myocardium, but limited cell engraftment, modest ability to generate vascular structures, teratoma formation, and the apparently transient beneficial effects on cardiac hemodynamics 23, 24 have questioned the current feasibility of this approach clinically. Tremendous efforts are under way to reduce the malignant tumorigenic potential of embryonic stem cells and promote their differentiation into cardiomyocytes 23, 24 with the expectation that these extremely powerful cells may be applied to humans in the future. Additionally, the study of embryonic stem cells may provide unique understanding of the mechanisms of embryonic development that may lead to therapeutic interventions in utero and the correction of congenital malformations. 25 The recognition that a pool of primitive cells with the characteristics of stem cells resides in the myocardium and that these cells form myocytes, ECs, and SMCs has provided a different perspective of the biology of the heart and mechanisms of cardiac homeostasis and tissue repair. 9,26 -29 Regeneration implies that dead cells are replaced by newly formed cells restoring the original structure of the organ. In adulthood, this process occurs during physiological cell turnover, in the absence of injury. However, myocardial damage interferes with recapitulation of cell turnover and restitutio ad integrum of the organ. 25 Because of the inability of the adult heart to regenerate itself after infarction, previous studies have promoted tissue repair by injecting exogenously expanded CPCs in the proximity of the necrotic myocardium 9, 10, 28, 29 or by activating resident CPCs through the delivery of growth factors known to induce cell migration and differentiation. 5, 10, 30 These strategies have attenuated ventricular dilation and the impairment in cardiac function and in some cases have decreased animal mortality.
Although various subsets of CPCs have been used to reconstitute the infarcted myocardium and different degrees of muscle mass regeneration have been obtained, in all cases the newly formed cardiomyocytes possessed fetal-neonatal characteristics and failed to acquire the adult cell phenotype. In the present study, to enhance myocyte growth and differentiation, we have introduced cell therapy together with the delivery of self-assembly peptide nanofibers to provide a specific and prolonged local myocardial release of IGF-1. 7, 8 IGF-1 increases CPC growth and survival in vitro and in vivo, 14, 18 and this effect resulted here in a major increase in the formation of cardiomyocytes and coronary vessels, decreasing infarct size and restoring in part cardiac performance. This therapeutic approach was superior to the administration of CPCs or NF-IGF-1 only. Combination therapy appeared to be additive; it promoted myocardial regeneration through the activation and differentiation of resident and exogenously delivered CPCs.
Additionally, the strategy implemented here may be superior to the utilization of BMCs for cardiac repair. 4, 31 CPCs are destined to form myocytes, and vascular SMCs and ECs, in contrast to BMCs, do not have to transdifferentiate to acquire cardiac cell lineages. Transdifferentiation involves chromatin reorganization with activation and silencing of transcription factors and epigenetic modifications. 32 However, control studies addressing this question have yet to be performed, emphasizing the need to resolve this critical issue, before easily accessible BMCs are replaced and complex protocols of CPC collection, isolation, and expansion are introduced clinically.
Data in the present study demonstrate that delivered and resident CPCs undergo lineage commitment and give rise to myocytes and coronary vessels across the infarcted myocardium in the absence of cell fusion. Heart homeostasis is modulated by CPCs that continuously differentiate into new younger cells replacing old dying cells. This mechanism of cardiac cell turnover is operative in animals 9, 26, 27, 30 and humans 33 and does not involve cell fusion. However, the generation of cardiomyocytes by CPCs 26 has been postulated to be largely the product of fusion events. If this were to 
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Myocardial Regeneration in the Infarcted Heartoccur, the process of cell fusion would require the merging of a CPC with a terminally differentiated, binucleated myocyte, Ϸ25 000 m 3 in volume or larger. Thus, a trinucleated heterokaryon, a binucleated hyperploid synkaryon, restricted to 1 of the 2 nuclei or with a proportional partition of the DNA to each of the myocyte nuclei, would be formed. The unusual trinucleated myocyte heterokaryon will be no longer terminally differentiated; it will reenter the cell cycle, become Ϸ50 000 m 3 in volume, and divide, creating 2 trinucleated daughter cells, Ϸ25 000 m 3 each. When cell fusion is accompanied by nuclear fusion, the high DNA content leads to genetic instability and minimal or null replicative poten- tial. 32 However, the replicating and nonreplicating myocytes originated here from CPCs alone and together with NF-IGF-1 are predominantly mononucleated, at times binucleated, and never trinucleated. Nearly 80% of these cells are Ͻ3000 m 3 in volume, and Ϸ2% reach 6000 m 3 . All cells have a 2n karyotype and possess 2 sex chromosomes.
To date, the mechanism of cardiac repair after infarction mediated by the administration of CPCs or progenitor cells of bone marrow origin may involve paracrine effects, resulting in the recruitment of endogenous primitive cells with the formation of cardiomyocytes and coronary vessels. The injected cells may release a variety of peptides that may promote the translocation of progenitors to the infarcted area and their differentiation in myocardial structures, accounting for the improvement in ventricular function reported in several studies. 5, 19 Endogenous cardiomyogenesis and attenuation in myocyte apoptosis have been demonstrated here after the injection of NF-IGF-1 alone and in combination with CPCs, supporting the notion that this therapeutic strategy leads to myocyte and vessel regeneration within the infarcted tissue and potentiates the growth reserve of the surviving myocardium. Additionally, these paracrine effects appear to be mediated by activation of the IP3K/Akt effector pathway, a distal event of IGF-1 receptor signaling. Collectively, these observations point to the potential therapeutic import of CPCs together with NF-IGF-1 for cardiac diseases in humans. This possibility is strengthened by the local delivery of the growth factor within the myocardium.
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